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INTRODUCTION
Ozone, a natural component of the upper atmosphere
and a gas produced by the photochemical reaction between
waste hydrocarbons and nitrogen oxides emitted into the
atmosphere daily, has been demonstrated in the past 20
years to have adverse effects upon vegetation (25)*
In high concentrations, in the upper atmosphere,
ozone plays a vital role in filtering out dangerous ultra4

violet radiation (32).

However, at ground level and at

lower concentrations, 0.05 ppm and up, ozone causes
visible damage to susceptible species of plants (24)*
For many years, ozone has been considered one of the
major photochemical air pollutants in the United States.
In the eastern part of the country, it is considered to
be the most important air pollutant causing damage to
vegetation (34).
Although the effect of ozone on higher plants has
been studied quite extensively (15)» (25)» its effects on
fungi and host parasite interactions have received only
limited attention.

To date, no attempt has been made to

determine the effects of ozone on spore germination and
germ tube formation of any facultative parasite while on
. a susceptible host.

Therefore, the object of the experi¬

ments reported here was to find out what effect ozone
has on the germination of Botr.vtis cinerea Pers. during
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the early stages of infection, and to see if ozone, at
various concentrations and exposure times, stimulates or
inhibits spore germination and germ tube formation.
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LITERATURE REVIEW
i

In 1950, Middleton, et al. (22) recognized that
herbaceous plants were being injured from photochemical
smog in the Los Angeles basin.
gained nation-wide recognition.

Ozone injury to plants
When Richards, et al.

(27) reported that grapes in California were being
injured by ozone, Heggestad and Middleton (12) demon¬
strated that ozone was the cause of weather fleck on the
more sensitive tobacco varieties in the Connecticut
Valley, and Daines, et al. (5) were able to show that
ozone caused damage to many other crops in Lew Jersey.
Although much information is readily available on the
effects of ozone on higher plants, (11), (23), (6), (15),
(7),

(30), very little is known of the influence that

ozone exerts on pathogenic microorganisms and its effects
upon the host—parasite interaction.
Ozone evokes many different responses in microorgan¬
isms.

One of the most interesting is its potential to

stimulate fungus sporulation.

Richards (26) discovered

that certain fungi which produce few or no spores in
culture produce spores abundantly when exposed to ozone.
Spores produced by some species were capable of germina¬
tion while the spores from other species were not.
As a result, the potential inoculum from those species
with viable spores would be greatly increased.

Russ (17),
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working with different species of fungi at an ozone con¬
centration of 110 ppm, found similar results.

He found

that certain fungi were stimulated to greater sporulation
by exposure to ozonized air.

As with higher plants, the

degree of sensitivity to ozone fumigation seems to depend
upon the particular species being studied.

Treshow (33)

reported that Colletotrichum lindemuthianum. the most
sensitive species studied, showed a suppression in radial
growth and spore production at ozone concentrations of
10 pphm or more for 4 hrs. repeated daily for 4 days.
.With Alternaria oleraceae. a more tolerant species, growth
was inhibited at 60 pphm ozone, but spore production
was significantly accelerated.

Again, the potential

inoculum was increased.
One of the most important effects that ozone can
exert upon a fungus, with regard to control, is the
ability to inhibit spore germination.

A significant

reduction in the percent spore germination would have a
profound effect upon the host-parasite complex.

Hibben

(14) found that the morphology of fungal spores seemed
to influence their susceptibility.

Large pigmented spores

were insensitive to 100 pphm, whereas small hyaline spores
were the most sensitive, as their germination was pre¬
vented or reduced by most exposures to 100 and 50 pphm
and occasionally reduced by doses as low as 25 pphm for 4

5

and 6 hrs.

Similar results were found by Kuss (17)

working with different fungus species.

He found, in

general, a decrease in the germination of spores tested.
Couey (4) found similar results working with SO^.

Spores

of Alternaria and Botrvtis cinerea showed a reduction in
spore germination after exposures to SO^.

The reduction

in all cases was quantitatively proportional to the SO^
concentration and exposure time.
In some cases, ozone had a stimulatory effect upon
fungal spore germination.

Rich (26) found that if sporu-

lating cultures of Alternaria solani were exposed to
1.0 ppm ozone for 30 minutes, the conidia began to
germinate while still attached to the conidiophores.
Kuss (17) also reported that some spores were stimulated
to germinate as a result of ozonation.

Hibben (14)

found that the spores of Botrvtis allii were stimulated
to germinate at an ozone concentration of 10 pphm for
19-21 hrs.
Not only does morphology influence whether or not
the spores will be affected by ozone, but also the
condition of the spores at the time of fumigation.
Whether the spores are dry, moist, or submerged seems
to play an important role in determining the effect
ozone will have upon them.
The method of exposure and condition of spores
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greatly influences their susceptibility.

Hibben (13)»

(14) reported that moist spores on an agar media were
more sensitive to ozone than nongerminating dry spores.
Ozone had little inhibitory effect on air dried spores
or spores in a liquid medium fumigated at concentrations
of 50 and 100 pphm.

To further support the evidence

that dried spores are less sensitive to very high con¬
centrations of air pollutants, Couey (3)>

(4) found that

the spores of Alternaria and Botrytis cinerea became more
sensitive to SO^ as the spores were placed in a watersaturated atmosphere.

Wet spores were very sensitive

to S02.
Of concern to the plant pathologist is the impact
that ozone and other air pollutants have upon the hostparasite association.

Ozone may act directly on the

host plant to render it more susceptible by reducing its
vigor, or by inducing chlorotic or necrotic areas which
may be more easily invaded by plant pathogens.

One of

the first people to report that air pollution may be
affecting the course of plant diseases was Yarwood (35)•
He observed that rust-infected portions of bean leaves
were less injured by natural or artificial smog than
were otherwise similar, healthy leaves.

More recently

Heagle (10), working with wheat stem rust Buccinia
graminis f. sp. tritici, noted that significantly less
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ozone injury occured in wheat mesophyll cells in inocu¬
lated leaves than in noninoculated leaves.

Kerr (16),

working with the bacterium, Pseudomonas phaseolicola, and
Red Kidney beans found that the chlorotic areas adjacent
to points of infection were not injured by ozone, indi¬
cating a lesser sensitivity of diseased tissue.

Heagle

and Yarwood postulated that this plant response may be
due to the presence of a diffusible substance present in
germinating and infecting rust propagules.

Kerr sugges¬

ted that the decreased sensitivity may be related to
differences in stomate functions between diseased and
healthy tissue, and also the presence of a metabolite
in the chlorotic area.
In addition to the ozone tolerant area that rust
infection provides for the host plant, ozone in turn
has an effect on the growth of uredia.

Heagle (9) found

that varieties of Avena spp. infected with Puccinia coro—
nata and exposed to 10 pphrn ozone for 6 hrs. for 10 days
had significantly less uredial growth.

In another work,

this time using friticum vulgare L. and Puccinia graminis
sp. tritici. Heagle (10) noted that ozone exposure,
after infection was established, significantly reduced
the growth of rust hyphae and the number of urediospores
produced.

In both cases, germination and infection of

spores on exposed plants was not affected.

8

Ozone may influence the host-parasite complex in
other ways than those already mentioned.

Previous experi¬

ments on the interaction of Botrytis cinerea with ozone
♦

indicate that air pollution damaged plants are more
susceptible to infection by weak parasites.

Manning

et al. (21) found that inoculation of individual ozone
flecked potato leaves with Botrytis cinerea resulted in
extensive infections, many of which appeared to originate
in the flecked areas.

The same results were obtained with

geranium leaves (20), and it has been proposed that the
ozone injured necrotic tissue provides a suitable infec¬
tion court for Botrytis cinerea.

Manning et al. (19)

discovered that foliar ozone injury may affect shoot and
root growth, reduce the vigor of Pinto bean plants, and
influence the number of root surface fungal colonies.
More fungal colonies were isolated from the roots of
hypocotyls of injured than noninjured plants.
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MATERIALS AND METHODS
HOST:

Broad beans (Vicia faba), were grown to the

«

four leaf stage in the greenhouse.

Four seeds were

planted in 6 inch pots, and later thinned to two uniformly
sized plants per pot.

The plants were fed a solution of

Rapid-gro when two weeks old.

The first two sets of

bifoliate leaves were used for the inoculations, and
were washed with distilled water prior to being inoculated.
PATHOGEN:

Ten day old spores of Botrvtis cinerea,

grown on potato dextrose agar (P.D.A.) were harvested by
flooding the Petri plate with distilled water and gently
rubbing the mycelium with a brush.

The spores were then

filtered through a tissue and centrifuged at low speed.
A hemocytometer was utilized to obtain suspensions of
100,000 spores per ml.

During these experiments, a spore

was considered germinated when a germ tube could be seen
emerging from the spore.
OZONE GENERATOR:

Ozone fumigation studies were

conducted in two 1.67 c.m. polyethylene chambers, fitted
with air tight doors—see Figure 1•

Ambient air was

pumped through a charcoal filter at a flow rate of
10 L/minute.

The air was then passed over six GE 4511

ozone producing bulbs, housed in a 5*68 L. sealed metal
%

container.

The amount of ozone produced was determined

by the number of bulbs turned on, and the level control—
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OZONE FUMIGATION CHAMBERS

1.

Lubricated vacuum pump (1/6 hp.).

2.

Activated charcoal filter.

3.

5*68 L. sealed container with 6 (GE 4511) ozone
producing bulbs.

4.

5.68 L. sealed container (control).

5.

Ballasts, in this case 6 40 watt bulbs mounted in
porcelain pull ceiling receptacles.

6.

Variac 0-140 volts 10 amp.

7.

■J'" polyethylene tubing.

8.

polyethylene tubing.

9.

Control chamber 1.67 c.m.

10.

Fumigation chamber 1 .67 c.m.

11.

4M exhaust with activated charcoal.
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led with a Variac.

The concentration of ozone in the

fumigation chamber was monitored by a Mast ozone meter,
and was read approx* every 30 min.

Ozone concentrations

of 5> 10, and 15 pphm for 4 and 8 hr. exposure periods
were used during the course of the experiments.

Controls

were held in the ozone-free, charcoal-filtered chamber.
ENVIRONMENTAL CONDITIONS:

Additional illumination

of 1,100 ft. c. over the chambers in the greenhouse was
provided by 8 cool-white fluorescent tubes and three
incandescent bulbs.

Relative humidity was kept between

90-100$ by saturating a 4 inch layer of fine sand in the
bottom of the chambers.

The temperature in the chambers

ranged between 13-19°C. during the exposure periods.
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EXPERIMENTATION AND RESULTS
%

Experiment #1—Intact Plants
A.

Plants sprayed with a spore suspension.

Prior

to fumigation, the first two sets of bifoliate leaves
were sprayed until saturated with an atomizer containing
a spore suspension of 100,000 spores/ml.

After each

exposure to 0^, the plants were transferred to large
glass cylinders kept in a head house because it afforded
better control of temperature and relative humidity.
The cylinders were sealed at the top and had 3 inches
of fine sand in the bottom.

The sand was saturated with

water to keep the relative humidity close to 100^.

After

fumigation, leaf sections were taken at time intervals of
2, 4, 8, 12, 24, and 48 hours.
approximately 1

The leaf sections,

cm, square, were first inverted on a

glass slide bearing a thin layer of P.D.A. and the per¬
cent spore germination and germ tube formation were
determined.

For further microscopic study, the same

leaf sections were then transferred to warm methanol to
decolorize them, and cleared and stained in hot lactophenol-cotton blue.

At a later time, the cleared leaf

i

sections were observed for total numbers of spores,
germinated spores, and germ tubes.
B.

Plants inoculated with droplets of spore
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suspension.

To see if ozone had any effect upon

submerged spores, small droplets of spore suspension from
a hypodermic needle were placed on the upper leaf surface
of attached leaves.

After fumigation, and at the time

intervals previously mentioned, the spores contained in
the droplets were checked for germination and germ tube
formation.

The droplets were inverted on a film of

P.D.A. for immediate observation.
C.

Influence of CU on disease symptoms.

Plants

were sprayed with a spore suspension until the first two
•sets of bifoliate leaves were saturated.

After exposure

to ozone, the plants were incubated for 4B hrs., then the
leaves were detached and the degree of infection was
determined.

The percent leaf injury was determined on

an arbitrary scale of disease intensity ranging from
0-5t with 0 equal to no infection, and 5 equal to heavy
infection.
Symptoms of ozone injury were observed on the older
leaves immediately after exposure to 15 pphm for 8 hrs.
Visible ozone injury was not apparent at lower concen¬
trations and exposure periods.
The first observable symptoms consisted of large,
dull green to tan-colored, water-soaked areas.

After

24 hrs., ozone injury was characterized by large
bifacial necrotic areas that extended through the leaf
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surface.

The color of the necrotic areas ranged from

tan to dark black.

There was a tendency for lesions to

form on both sides of the main vein, generally covering
a major portion of the leaf surface.

Figure #2.

On a leaf surface, the germination of wet or sub¬
merged spores exposed to ozone did not differ signifi¬
cantly from the controls.

Microscopic inspection of

spores inverted on a nonfumigated P.D.A. film and on
the leaf surfaces after ozone exposure, showed no
consistent differences between the two groups or from
.treatment to treatment.
Observations of inoculated, ozonated, and nonozonated plants incubated for 48 hrs. showed that ozone
had a pronounced effect upon the disease cycle.

Although

the threshold level for visible ozone injury on Broad
beans during these experiments was 15 pphm for 8 hrs.,
plants that were inoculated and exposed at all ozone
concentrations showed a significant increase in the
degree of infection over the controls.

Only in cases

where severe infection occured did the entire leaf become
necrotic, and there were consistently more and larger
necrotic lesions associated with the fumigated plants.
Only the inoculated first two sets of bifoliate leaves
showed infection.

Figure #2:

Ozone injury on Broad bean leaf (Vicia faba)
24 hrs. after exposure to 15 pphm for b hrs.
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Experiment #2—Detached Leaves
Leaves with petioles were detached and placed over a
plastic coated wire mesh in petri plates.

The bottom

of the petri plates were filled with distilled water so
that the end of the petiole would be submerged, but the
lower leaf surface elevated above the water.

The leaves

were sprayed with a spore suspension until saturated,
and then placed in the exposure chambers.

After fumi¬

gation, the petri plates were removed from the chambers
and placed in the head house.

Covers were placed over

the petri plates to maintain a high relative humidity.
After 24 and 48 hrs., the leaves were inspected for the
degree of infection.

Infection intensity was rated on

the previously described scale of 0-5#
In another phase of this experiment, leaves were
prepared and treated as above.

However, instead of

spraying the leaves with a spore suspension, fifteen
small droplets from a hypodermic needle were placed on
the upper leaf surface of each detached leaf.

After 24

and 48 hrs., the area under each droplet was inspected
for degree of infection.

Because of the small surface

area under each droplet, the degree of infection for this
phase of the experiment had to be rated differently.
amount of infection—or necrotic tissue—was rated as
being either l) none, 2) light, 3) moderate, or

The
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4) severe.
Infection of detached leaves either sprayed with a
spore suspension or inoculated with drops were similar
for both the ozonated and controls.

No distinctive

differences or trends were noted between the two groups,
and in some cases, more infection was noted on the
controls.

These results are in contrast to those

previously mentioned for intact plants, in which more
infection was consistently found on the exposed plants.
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Experiment #3—Agar Substrate
Petri plates containing potato dextrose agar were
sprayed with a spore suspension (100,000 spores/ml.)
of Botrytis cinerea just prior to fumigation.

The

plates were fumigated with concentrations of 5> 10, and
15 pphm ozone for 4 and 8 hr. exposure periods.

At the

end of the exposure period, the plates were covered and
placed in an incubator at 17°C.

At 3 and 9 hr. time

periods, the spores were examined under low power (150x)
of a compound microscope to determine the percent
germination and germ tube formation.
The first observable symptom of ozonation was the
irregular growth of many of the germ tubes.

Instead

of growing straight like the controls, the germ tubes
grew around the spore and appeared to grow appressed to
and into the agar media.
Germination of the controls was either the same as
the ozone treated (after the 4 hr. exposure period)
or was greater.

The results in Table 1

indicate that

ozone, at concentrations of 5* 10, and 15 pphm for
8 hrs., reduced the percent germination while the same
ozone concentrations for 4 hrs. only delayed germination
for a short period of time.
At all ozone concentrations, those spores exposed to
ozone showed a marked decrease in growth over the controls.
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As Table 2 Indicates, a significant difference is apparent
between rates of germ trube elongation of fumigated and
nonfumigated spores,

ho consistent changes in germ tube

elongation were noted between the different ozone concen¬
trations •
The growth of ozonated spores after fumigation was
extremely slow, and in most cases the germ tubes failed
to grow more than 100 u.

Figures 3 and 4 show the

differences in growth between the fumigated and nonfumi¬
gated cultures after 24 hrs.
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TABLE 1

PERCENT SPORE GERMINATION ON P.D.A. 3 aND 9 HRS.
AFTER EXPOSLRE TO OZONE

100

+~~-__

tr ~- %-*

A

90

*

GERM.

80

After 3 hrs.

70

o = ozonated spores
+ = controls
|5pphm
lOpphm
15pphmi
1— -4 hrs. -—-'

After 9 hrs.

j5pphm
lOpphm
15pphm
1— -4 hrs.-

OZONE CONCENTRATION AND TIME

100
90

%
GERM.
80

70

After 3 hrs.

After 9 hrs

o = ozonated spores
+ = controls

5pphm

lOpphm
-8 hrs •

15pphmi i5pphm lOpphm
—
' *—
6 hrs. -

5pphmi

OZONE CONCENTRATION AND TIME

1•
2.
3*

Each point represents the average percent germination
of approx. 100 spores.
Results are the average of 2 experiments.
According to the Contingency Chi-Square test, the
differences in germination between the ozonated and
controls was nonsignificant at 0.05% level because of
the relatively low number of spores checked.
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TABLE 2

GERM TLBE ELONGATION ON P.D.A. 3 AND 9 HRS.
AFTER EXPOSLRE TO OZONE

OZONE CONCENTRATION
AND :riME

HOURS AFTHR FLMIGATION

3 HRS.
5 pphm 4 hrs.
control
ozone
10 pphm 4 hrs.
control
ozone
15 pphm 4 hrs.
control
ozone
5 pphm 8 hrs.
control
ozone
10 pphm 8 hrs •
control
ozone
15 pphm 8 hrs.
control
ozone

1.
2.
3*
4.

5.

9 HRS.

45*
35

208
94

30
24

140
118

44
33

170
87

156
105

339
116

124
62

349
120

101
44

180
66

.*Each figure represents the average length
microns of approx. 100 spores.
Results are the average.*of 2 experiments.
One pphm 0, = 19.6 ug/m^ at 760 mm of Hg.
25 C.
^
At the 4 hr. exposure period, the average
in microns of ozonated spores was reduced
of the controls.
At the 6 hr. exposure period, the average
in microns of ozonated spores was reduced
of the controls.

in

and
length
45-64/°
length
34-67>
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Figure #3:

Growth of Botrytis cinerea on P.D.A. 24 hrs.
after exposure to 15 pphm 0^ for 8 hrs.

Figure #4:

Growth of Botrytis cinerea on P.D.A. after
24 hrs.
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Experiment #4—Dry Spores

This experiment was conducted to determine the
effects of low ozone concentrations on dry spores,
fumigated on three different substrates*
A.

Glass.

Por this phase of the experiment, 2 cm.

square glass cover slips were used as the substrate.
Dry spores of Botrytis cinerea from a 10 day old culture
were dusted on glass cover slips and fumigated at the
concentrations and exposure times previously mentioned.
Immediately after fumigation, the cover slips were
inverted on water agar in 4 cm. petri plates,
replaced, and the plates incubated at 17°C.

the covers
At 6 and 10

hrs. after fumigation, approximately 400 spores were
observed under low power (I50x) and the percent germina¬
tion and germ tube formation calculated.
B.

Parafilm.

used for parafilm.

Basically the same method was also
Two cm. square sections of parafilm

were cut and placed on glass slides.

The parafilm

sections were then dusted with dry spores, fumigated,
and inverted on water agar.
parafilm was removed,

After a few seconds, the

the print covered and incubated.

At 6 and 10 hrs. after exposure to ozone,

400 spores from

.both the fumigated and nonfumigated groups were observed
for germination and germ tube formation.
C.

Dry leaf.

Just before fumigation, dry detached
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leaves were placed in petri plates over a plastic coated
wire mesh.

Dry spores of Botrytis cinerea from a 10 day

old culture were then dusted on the upper leaf surface
and the petri plates were exposed to ozone at various
concentrations.

Immediately after fumigation, 2 cm.

square leaf sections were cut out and inverted on water
agar in small petri plates.

After a few seconds, the

leaf sections were removed and the prints were covered
with a cover slip.

The plates were then treated in the

same manner as described for parafilm.
The results obtained with all three substrates were
somewhat similar.

On glass and parafilm,

in 75% of the

cases, germination of ozonated spores was equal to or
greater than the controls.
100% of the cases tested,

On the dry leaf surface, in
those spores exposed to ozone

germinated more rapidly than the controls.

The results of

these tests are shown respectively in Tables

4, and 5

where each percentage is derived from a count of 800 spores.
. Although no consistant changes could be shown
between the different ozone concentrations,

the results

indicate that ozone, at low concentrations,

is capable

of stimulating the rate of germination of Botrytis
cinerea spores.
inconsistent and,

Germ tube formation of all spores was
therefore,

it was impossible to deter¬

mine what effect ozone had upon them,

if any.
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TABLE 5

.

PERCENT SPORE GERMINATION ON GLASS SLIDE
AFTER 6 AND 10 HRS.

OZONE CONCENTRATION
AND TIME

HOURS AFTER FUMIGaTION

6 HRS.
5 pphm 4 hrs.
control
ozone
10 pphm 4 hrs.
control
ozone
15 pphm 4 hrs.
control
ozone
5 pphm 8 hrs •
control
ozone
10 pphm 8 hrs •
control
ozone
15 pphm 8 hrs.
control
ozone

1.
2.
5.

.

4

5*

24*

s

27 ns
31

31 ns
18

36 ns
26

33
54

s

47
59

39
46

s

52
ns
51

26
52

s

32
58

s

37
43

s

38
48

s

36

•

10 HRS.

s

-*Each figure represents the percent spore germi¬
nation of 800 spores.
Results are average of 2 experiments.
One pphm 0^ = 19*6 ug/nr at 760 mm of Hg. and 25 C.
According to the Contingency Chi-Square test, spores
exposed to 0, had a significantly higher percent
germination in 66$ of the cases tested (0.05$ level
of significance).
8 indicates a significant difference in germination
and ns indicates a nonsignificant difference.
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PZRCZ2* 2 3P0HS GSRJtlBAIICS Gli PARAPILM

ax

OZOXZ CCHC^IRAlIOfi
AHD 21>3

6

~ 1 0 iulo •

HOURS AFTZR FUMIGATION
10 HRS.

6 HRS.

5 pphm

4 hrs.

10 pphm 4

15 pphm 4
5 pphm
10 pp r.m

6

6

•

15 pphm

1 .

2.
3.

6

5.

s

72
ns
72

26
46

s

67
79

s

29
44

s

49
56

3

46
57

s

60
ns
57

29
65

s

34
63

66*

72

62
ns
54

s

74 ns
72

*Zach figure represents the percent spore gemi¬
nation of 600 spores.
Results are average of 2 experiments.
One pphm 0, = 19-6 ug/m^ at 760 mm of Hg. and

25 C.
4.

control
ozone
hr 3.
control
ozone
hrs •
control
ozone
hrs.
control
ozone
hrs •
control
ozone
hrs •
control
ozone

^

Spore3 exposed to 0, had a significantly higher
percent germination^in 66/« of the cases tested
To.05t* level of significance ).
s indicates a significant difference in gemination
and ns indicates a nonsignificant difference.
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TABLE 5

PERCENT SPORE GERMINATION ON DRY LEAP
SURFACE APTER 6 AND 10 HRS.

OZONE CONCENTRATION
AND TIME

HOURS AFTER FUMIGATION

6 HRS •

1.
2.
3.
4.

5.

64* s
72

66
76

B
8

49
71

s

61
63

8
8

48
54

a

58
65

8
12345

62
ns
65

65
65 ns

40
61

s

65
76

8
8

50
58

s

54
79

8

co

£

VJl

5 pphm 4 hrs.
control
ozone
10 pphm 4 hrs.
control
ozone
15 pphm 4 hrs.
control
ozone
5 pphm 8 hrs.
control
ozone
10 pphm 8 hrs.
control
ozone
hrs •
control
ozone

10 HRS.

,*Each figure represents the percent spore germi¬
nation of 800 spores.
Results are average of 2 experiments.
One pphm 0^ = 19.6 ug/m3 at 760 mm of Hg. and
25 C.
*
Spores exposed to 0^, had a significantly higher
percent germination^in 83% of the cases tested
(0.05% level of significance).
s indicates a significant difference in germination
and ns indicates a nonsignificant difference.

28

Experiment $5——Protection From Visible Ozone Injury
The following experiment was conducted to see if a
facultative parasite can provide protection to the plant
against visible ozone injury as some obligate parasites
apparently do (10),

(35).

Broad beans (Vicia faba) were

sprayed with a spore suspension (100,000 spores/ml.) of
Botrytis cinerea and also inoculated with small drops
from a hypodermic needle.
20°C.

The plants were incubated at

After 48 hrs. incubation, the plants were exposed

to 20 pphm ozone for 8 hrs.

The plants were then kept

in the chambers for 24 hrs. to allow ozone injury symp¬
toms to develop.
Where infection was well established, halo areas of
plant tissue surrounding the points of infection were
consistently found.

The width of the haloes varied

depending upon the size of the lesion.

Where the spray

method was employed, Figure #5, the areas averaged
between 1-2mm wide, and with the drop method, Figure #6,
the areas were much larger—averaging 2-4 mm.
were observable immediately after exposure.

The effects
Microscopic

inspection of the upper leaf surface of the halo areas
showed no visible injury by either Botrytis or ozone.
Noninoculated leaves fumigated with ozone showed severe
ozone injury throughout the leaf surface.
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Figure #5:

Leaf sprayed with spore suspension, incubated
for 46 hrs., then fumigated with ozone at 20
pphm for 8 hrs.

Figure #6:

Leaf inoculated with drops of spore suspension,
incubated for 48 hrs., then fumigated with
ozone at 20 pphm for 8 hrs.
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Experiment #6—Inoculations At Known Distances Prom 0^
Injury
Broad beans, Vicia faba, were exposed to 20 pphm
ozone for 6 hrs.

After fumigation, the plants were

incubated for 24 hrs. to allow ozone injury symptoms to
develop.

After incubation, ozone injured leaves were

detached and placed over water in petri plates.

Droplets

from a hypodermic needle containing a spore suspension
of Botrytis cinerea were placed over ozone injured areas,
and at known distances from the ozone injury.

After 24

and 48 hrs., the leaves were inspected under a stereo¬
microscope to see if there were any noticeable differences
between the degree of infection over ozone injured areas,
and at selected areas away from ozone injury.
The degree of Botrytis infection observed after 24
and 48 hrs. appears not to have been influenced by the
presence of ozone injury.

All degrees of infection could

be found throughout the leaf surface, irrespective of
ozone injury, and the same degrees of infection were consis¬
tently found on the nonexposed control leaves.

Infection

did not appear to occur any sooner in the ozone injured
areas.

This experiment was repeated three times.
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DISCUSSION

The results of these experiments demonstrate that
the germination and growth of detached spores of Botrytis
cinerea can be influenced by low levels of ozone commonly
encountered in the Northeast,
Symptoms of ozone injury on Broad beans (Vicia faba)
are not the "typical" symptoms found on other species of
bean (15).

Ozone injury on the leaf surface is charac¬

terized by large bifacial necrotic areas that may result
in the entire leaf being killed.

Necrosis extends

through the leaf, and after 24 hrs,,

the necrotic areas

are tan-black in color.
The substrate used and the condition of the spores
at the time of fumigation appears to influence their
relative susceptibility.
Experiment #1

The results obtained in

(A & 3) with plants,

suggest that ozone

does not act directly upon wet or submerged spores.

The

germination and growth of exposed and nonexposed spores
was inconsistent.

The spores during these experiments

were surrounded by water on the leaf surface, and the
possibility that ozone never actually reached the spores
must be considered.
Hibben (14)

These results are similar to those of

in which he found that ozone had little inhibi

tory effect on spores in a liquid medium, presumably
because of the solubility and degradation of ozone,

Borne
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of the inconsistency may also have been due to different
leaf sections and spores being checked at each time
interval.
That significantly more infection was associated
with ozonated plants, Experiment #1

(C), can possibly

be explained as an indirect effect upon the host plant.
These results may be due to a more rapid release of
nutrients at the leaf surface.

Brown (2) found that

Botrytis spores in a water droplet were stimulated to
germinate as a result of an increase in conductivity at
the leaf surface.

This increase in conductivity is due

to the leaching of electrolytes as a result of a change
in the permeability of cellular membranes.

That ozone

has the ability to disrupt cellular membranes has been
well documented,

(31),

(8),

(18), (29).

A change in the

semipermeability of cellular membranes may explain why
plants exposed to ozone show an increase in infection
over the controls.
■ Examination of plants after fumigation indicated that
ozone causes visible injury only at the highest concen¬
tration used during these experiments,
8 hrs.).

(e.g. 15 pphm for

Hence, this excludes the possibility that

visible ozone injury is responsible for the increased
infection.

Although no visible ozone injury is apparent,

the permeability of the membranes may be changed slightly,
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resulting in a more rapid infection by Botrytis spores.
Exposed and nonexposed inoculated detached leaves
(Experiment #2) showed no appreciable differences in the
degree of infection between the two groups.

The same

degrees of infection could be found consistently on both
the ozonated and the controls.

The results found with

detached leaves were in contrast to those for whole
plants in which more infection was consistently found on
the ozonated plants.

The difference in results between

whole plants and detached leaves may have been due to
experimental technique.

Detached leaves were exposed in

petri plates, over water, and the lower leaf surfaces were
probably exposed to a lower concentration of 0^ than that
monitored by the Mast Ozone Meter.
The results from Experiment #3 indicate that ozone,
at low concentrations, has the ability to reduce germi¬
nation and the rate and kind of growth of germ tubes on
an agar media during early stages of development.

Moist

spores ozonated on an agar medium were very sensitive,
and as a result, germination was either inhibited or
delayed when compared to the controls.

A significant

difference in growth between the exposed and nonexposed
groups was observed, and in most cases, ozonated germi¬
nating spores failed to grow more than 100 u.

In addition

to the reduction in growth of ozonated spores, the germ
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tubes grew around the spore and appeared to grow appressed
to and into the agar media.

This observation suggests

that, the germ tubes may have been escaping from the
ozonated atmosphere by growing into the agar.

The results

may be due to the toxicity of ozone at the spore surface
or to ozone acting directly on the spores themselves.
The mechanisms involved were not determined,

Eibben (14)

proposed that actively metabolizing spores in the early
stages of germination may possibly be more sensitive to
ozone.

Couey (4) reported that the sensitivity of dry

spores to SO^ increased rapidly when they were placed in
a water-saturated atmosphere, lending support to the idea
that the film of water surrounding the spores is in some
way responsible for the increased toxicity.
In Experiment #4, dry detached spores, exposed on all
three substrates tested, germinated more rapidly than the
controls.

Although there were some exceptions, generally,

the effect of ozone was to stimulate the rate of germina¬
tion.

It was found that the experimental substrate used

greatly influences the germination of spores.

The highest

percent germination was associated with ozonated spores on
a dry leaf surface, followed by parafilm and glass respec¬
tively.

The micro-environment at the leaf surface is

probably the main factor responsible for the observed
increase in germination of this group.

It is not known,
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however, why spores exposed on parafilm showed a higher
percent germination than those exposed on a glass surface.
These results are similar to those of Rich (26) in which
he found that ozone may stimulate the germination of
attached conidia either by destroying a germination
inhibitor or by altering the permeability of the cell
wall to gas.

Kuss (17) also found that some spores were

stimulated to germinate after exposure to ozone.

In con¬

trast, Hibben (14) reported that dry spores were insensi¬
tive to ozone even at very high concentrations.

Additional

studies are necessary to determine the mechanisms
responsible for the apparent stimulation of some spores
to germinate after exposure to ozone.
Bean plants (Vicia faba) infected with Botrytis
cinerea (Experiment #5) were less injured by exposure to
ozone than noninoculated exposed plants.

This apparent

protection is visible immediately after fumigation and is
characterized by distinct haloes surrounding the points of
infection.

It is not known if this reaction is caused

directly by the fungus, the host, ozone, or a combination
of these.
growth.

Examination of the halo areas showed no mycelial
However, the fact that the halo emanates from the

point of infection, and the size of the lesion influences
the subsequent width of the haloes suggests that the
fungus is responsible for this reaction.

These observa—
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tions support the theory proposed by Heagle (10) and
Yarwood (35) that the protection appears to be due to
some, diffusible substance emanating from the point of
infection.

Similar results were found with a virus (1)

and a bacterium (16) indicating that this apparent pro¬
tective reaction is not restricted to the fungi.
In Experiment #6 (inoculations At Known Distances
From 0^ Injury), previous exposure to ozone did not
increase the susceptibility of Broad bean leaves to
infection by Botrytis cinerea.

Observations of

inoculated, ozone injured and noninjured detached leaves
after 24 and 46 hrs. showed no differences in infection
between the two groups.

The results indicate that 0^

injury does not predispose Broad bean leaves to a more
rapid infection by Botrytis cinerea.
These experiments * have shown that low levels of 0.^
commonly encountered in the urban atmosphere had the
ability to affect disease development by significantly
increasing the amount of infection.

The condition of

the spores at the time of fumigation, the substrate and
the experimental methods used, determines the effect that
ozone will have upon spores of Botrytis cinerea.

Why dry

spores were stimulated to germinate, while moist spores
%

were very sensitive and submerged spores unaffected by
exposure to 0^, was not determined.

Additional studies

37

are necessary to determine the mechanisms involved in the
interaction of 0^ and fungus spores.
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